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Summary  
~e formation of chondro-osteophytes in osteoarthritic joints is a unique example of adult neochondrogenesis that 
~(~a~s some similarities to growth plate elongation and fracture callus formation. This study uses in situ hybridization 
~s~ochemistry o define the molecular phenotype of cells in active chondro-osteophytes. Chondro-osteophytes are 
~:~mposed of fibrocytes and osteoblasts hat express type I procollagen mRNA, mesenchymal prechondrochytes hat 
express type IIA procollagen mRNA, and maturing chondrocytes that express type IIB procollagen mRNA. Based on 
the spatial pattern of gene expression and cytomorphology, the neochondrogenesis a ociated with chondro-osteophyte 
formation closely resembles that of healing fracture callus. 
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I n t roduct ion  
ONE of the most remarkable and consistent 
features of joints affected with osteoarthritis, 
whether natural ly occurring [1-5] or experimen- 
tally induced [7-8], is the development of promi- 
nent osteochondral nodules known as osteophytes, 
osteochondrophytes, and chondro-osteophytes. 
Indeed, the presence of chondro-osteophytes in a 
joint, more than any other pathological feature, 
distinguishes osteoarthritis from other arthrides 
[9]. 
It seems likely that both mechanical [4, 6] and 
humoral [10, 11] factors are involved in stimulating 
the formation of chondro-osteophytes, though 
the exact functional significance of chondro- 
osteophyte growth remains unclear. There is, 
however, direct evidence that chondro-oteophytes 
help stabilize osteoarthritic joints [12]. Notwith- 
standing uncertainties of how and why they 
form, chondro-osteophytes are a curious example 
of new cartilage development in osteoarthritic 
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joints, joints which are ultimately characterized 
by articular cartilage degeneration. 
The chief structural protein of carti lage is type 
II collagen, and recently it was found that two 
different isoforms of type II collagen can be 
made as a result of alternative splicing of type II 
procollagen mRNA [13]. The expression of these 
different isoforms of mRNA has been used to 
identify the molecular phenotype of different cells 
during embryological chondrogenesis: the type IIB 
isoform (lacking exon 2) is expressed by mature 
chondrocytes and type IIA isoform (including exon 
2) is expressed by 'prechondrocytes' [14]. It is 
noteworthy that type IIA mRNA is not expressed 
by chondrocytes of elongating rowth plate [15], 
but is expressed by chondrocytes in fracture callus 
[16]. 
Because chondro-osteophytes b ar morphologi- 
cal (and functional) similarities to both growth 
plate [17] and fracture callus [5, 16, 18], the aim of 
the present study was to determine which isoforms 
of type II collagen mRNA are expressed by cells 
in chondro-osteophytes of adult osteoarthrit ic 
joints to better understand this unique example 
of neochondrogenesis. 
Mater ia l s  and  methods  
Transection of the cranial (anterior) cruciate 
ligament of the stifle (knee) joint results 
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Table I 
Oligodeoxynucleotide probes 
Human procollagen I (24 nt) 
Antisense probe (Exon 1-Exon 2) 
Sense control 
Canine procollagen IIA (24 nt) 
Antisense probe (Exon 1-Exon 2) 
Sense control 
Canine procollagen IIB (24 nt) 
Antisense probe (Exon 1-Exon 3) 
Sense control 
5'-TGATTGGTGGGATGTCTTCGTCTT-3' 
5'-AAGACGAAGACATCCCACCAATCA-3' 
5'-TGCCAGCCTTCTGGACATCCTGGC-3' 
5'-GC CAGGATGTCCAGAAGGCTGGCA-3' 
5'-GTCCTGGTTGCCGGACATCCTGGC-3' 
5'-GCCAGGATGTCCGGCAAC CAGGAC-3' 
Note: bold letters are bases complementary to exon 1. 
reproducibly in chondro-osteophyte formation and 
osteoarthritis [6]. Hence, the cranihl cruciate 
ligament was transected surgically in seven 
skeletally-mature, male dogs; the nonoperated 
contralateral stifle served as a control. Animals 
were euthanized at 10 weeks after surgery. 
Chondro-osteophytes developed along the 
margins of the trochlear groove of the femur 
in osteoarthrit ic joints and several chondro- 
osteophytes from each dog were shaved off 
with a scalpel and processed for histology; 
tissue was also harvested from comparable 
locations in the contralateral nonoperated 
joints. Undecalcified chondro-osteophytes were 
embedded in OCT compound (Miles, Inc., Elkhart, 
IN, U.S.A.), snap frozen in liquid nitrogen- 
cooled isopentane, and 5 pro-thick sections 
were cut with a steel blade while maintaining 
the cryostat chamber at -30°C. Cryosections 
were picked up on silane-treated microscope 
slides, fixed in ice-cold 4% paraformaldehyde, 
and rinsed in phosphate-buffered saline (PBS). 
Sections were routinely stained with toluidine 
blue O and safranin O to localize tissue proteo- 
glycans and with hematoxylin and eosin for 
cytomorphology. 
Serial cryosections were prepared for in situ 
hybridization histochemistry as described pre- 
viously [15]. Briefly, slides were treated with acetic 
anhydride (0.025% in 0.1M triethanolamine), 
dehydrated in an ethanol series, delipidated in 
chloroform, and air dried. 
Oligodeoxynucleotides with sequences com- 
plimentary (antisense) to mRNA for the two 
alternatively spliced isoforms of canine procolla- 
gen types IIA and IIB and for human type I 
procollagen [19] (expressed by bone cells and 
fibrocytes) were used as specific probes. These 
sequences were 24 bases in length and span equa l ly  
exon-exon boundaries to avoid hybridization with 
genomic DNA ad to distinguish between the 
alternatively spliced isoforms of type II procolla- 
gen mRNA [13, 15], The sequence of canine type 
IIA and type IIB ~collagen mRNAs was obtained 
previously by PCR amplification of dog cartilage 
RNA using human primers [20]. The specificity 
of the probes was~ tested by Northern blotting as 
described previously [26]. The inverse complement 
(sense) sequences Were used as negative controls. 
All oligodeoxynucleotides were synthesized and 
purified by polyacrylamide gel electrophoresis by 
the Regional DNA Syrlthesis Laboratory at the 
University of Calgary. ]?he antisense and sense 
sequences are listed in Table I. Probes were 
radiolabeled by the enzymatic addition of [35S]- 
dATP using terminal deoxynucleotidyl trans- 
ferase. 
In situ hybridizations were carried out overnight 
at 22°C in a humidified chamber using 125 #1 of 
hybridization solution per slide. The hybridization 
solution contained radiolabeled probe (2 pmol/ml), 
35-50% formamide, l mM EDTA, 10mM Tris, 
300 mM NaC1, 10 mM dithiothreitol, 10% dextran 
sulfate, and lx Denhardt's solution (0.02% each 
of bovine serum albumin, polyvinylpyrrolidone, 
and Ficoll 400). Slides were washed for 1 h with 
agitation at 45°C in four changes of standard 
saline citrate (1xSSC=15nM sodium citrate; 
150mM NaC1). Slides were dehydrated in an 
ethanol series containing 300 mM ammonium 
acetate. 
Radioactivity was detected by autoradiography: 
slides were dipped in NTB-2 liquid emulsion 
(Kodak), dried, exposed for 2-3 weeks, developed 
in Dektol (Kodak) at 15 °, and fixed in Kodak 
Fixer. To assess for tissue chemography, slides 
were processed without radioactive probe or 
were exposed to light before exposure (to test for 
positive and negative chemography, respectively). 
Slides were briefly counterstained with 0.2% cresyl 
violet in acetate buffer (pH 3.5) and mounted. 
Sections were examined by bright-field, polarized 
light, and dark-field microscopy on a Zeiss 
Axioskop. 
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Resu l t s  
Compared with control joint, which had 
no chondro-osteophytes, exuberant chondro- 
5steophytes were visible macroscopically at 
~he chondrosynovial junction along the joint 
margin and near ligament and tendon insertions in 
~11 operated stifles (Fig. 1). Histologically, mar- 
ginal chondro-osteophytes were composed of 
an  osseous core covered by a layer of cartilage 
and a superficial ayer of fibroblastic cells in a 
fibrous matrix (Fig. 2) polarized light microscopy 
revealed prominent collagen bundles coursing 
~oughout  much of the chondro-osteophytes, 
i 
~{:  r}} },~a?: rr .......... ....... 
giving the appearance of fibrocartilage, though 
some dense clusters of chondrocytes also gave 
the appearance of hyaline cartilage. Chondro- 
osteopytes ampled from all dogs shared these 
same general features, yet the 'maturity' of 
chondro-osteophytes (i.e., the extent of cartilage 
and bone formation) varied substantially even 
in the same joint. This was in contrast to the 
FIG. 1. Macroscopic anatomy of stifle jGints. (A) Control; 
(B) osteoarthritic joint with chondro-osteophytes 
visible along the margin of the femoral trochtea (small 
arrows) and near ligament insertions (large arrow). This 
photograph is oriented sideways (superior=right; 
distal=left; medial=middle) so that the marginal 
chondro-osteophytes (small arrows) have the same 
orientation as the histological sections in Figs. 2-4, viz., 
superficial fibrous zone up and deeper tissue down. 
FIG. 2. Microscopic anatomy of chondro-osteophytes. 
Low magnification photomicrographs of (A) control site 
(bright-field, original magnification 10x); (B) chondro- 
osteophyte sh0wing superficial fibrous layer (f), 
chondroid area (c) and bone (b) (bright-field original 
magnification 5 x); (C) polarized light illumination of B 
to highlight collagen bundles. Hematoxylin and eosin 
stain. 
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normal appearance of the contralateral site in 
all dogs: a thin layer of periosteum, composed of 
loose fibrous connective tissue and fibroblastic 
cells, was located superjacent to the bone surface 
(Fig. 2). 
Chondrocytes and fibrochondrocytes (identified 
morphologically as large rounded cells with 
lacunae and pericellular proteoglycans) making up 
cartilaginous nodules in chondro-osteophyte all 
hybridized with the type IIB probe [Fig. 3(C)]. 
In contrast, the type IIA probe hybridized only to 
a population of fibroblastic cells localized in a 
distinct layer around the periphery and superficial 
to these cartilaginous nodules [Fig. 3(B)]; these 
cells lacked any of the morphological charac- 
teristics of chondrocytes. The type I procollagen 
probe hybridized to fibroblastic cells in the 
superficial fibrous layer of chondro-osteophytes 
as well as the bone, particularly the osteoblasts 
[Fig. 3(A)]. This pattern of hybridization was 
observed to different extents in different chondro- 
osteophytes depending on the relative amount of 
a particular tissue component, which depended 
on the developmental 'stage' of the chondro- 
osteophyte. The inverse complement sequences 
showed no specific hybridization to unmineralized 
tissues (Fig. 3 insets). Areas of mineralized 
cartilage and bone had some nonspecific auto- 
radiographic signal that was present in samples 
hybridized with both sense and antisense probes. 
This nonspecific signal was not caused by positive 
chemography. Close examination revealed that 
chondrocytic cells with sparse pericellular proteo- 
glycans also hybridized with the type I probe, while 
chondrocytes with abundant pericellular proteo- 
glycans did not (Fig. 4). It was unclear whether or 
not any cells expressing type IIA mRNA also 
expressed type I mRNA. 
FIG. 3. Serial sections autoradiograms of chondro- 
osteophyte (dark-field illumination). In situ hybridiz- 
ation histochemistry probing for (A) type I, (B) type 
IIA, and (C) type IIB procollagen mRNAs (original 
magnification 10 x). Insets show the autoradiograms of 
the corresponding inverse complement (sense) probes 
(original magnification 10x, reduced 2.3 x). 
FIG. 4. High magnification photomicrographs of in situ 
hybridization histochemistry using the probe for type I
procollagen mRNA. Note the autoradiographic s gnals 
for type I mRNA associated with some fibrochondrocytes 
(middle of field), but not all chondroid cells (hyaline 
nodule, lower left): (A) bright-field; (B) dark-field 
illumination. Original magnification 25 x. 
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Articular cartilage was observed in most 
sections at the edge of the joint adjacent o the 
chondro-osteophytes. In these marginal locations, 
articular chondrocyte xpression of type IIB 
mRNA was very weak and there was no 
appreciable expression of type IIA or type I mRNA 
(data not shown). 
Discuss ion  
The rapid, exuberant formation of chondro- 
osteophytes in osteoarthritis synovial joints is a 
regular finding that is reminiscent of the mor- 
phology of elongating rowth plate and forming 
.fracture callus. Defining the molecular phenotype 
~f various cell populations in chondro-osteophytes 
helps elucidate the events involved in this unique 
example of cartilage growth and development in
adult joints. 
In situ hybridization histochemistry is a power- 
ful method of defining the molecular phenotype 
of various cells by detecting specific sequences of 
mRNA in tissue sections. Hence, the conclusions of 
the present study depend on how well this method 
discriminates between different forms of mRNA, 
which differ in relatively few bases. Thus, it was 
imperative that the specificity of the probes 
was well defined [26] and that the hybridization 
conditions used for the present experiments 
were comparable with those used previously to 
distinguish between type II procollagen mRNA 
isoforms [14, 15, 23]. Further proof of probe speci- 
ficity is provided by the reproducible localization 
of specific probes to distinct regions of the 
chondro-osteophyte in serial sections (and no 
signals in negative controls), as shown in Fig. 2. 
The autoradiographic signal associated with 
mineralized tissues is most likely due to non- 
specific binding of the probes to these undecalci- 
fled sections. It should be noted that although 
type I and type IIB signals seemed to overlap in 
certain areas o f  these chondro-osteophytes, this 
conclusion was based on observations of serial 
sections and the definitive proof of cellular 
colocalization requires dual labeling on the same 
section. 
The specimens from nonoperated joints show 
that chondro-osteophytes form from tissue associ- 
ated with the so-called chondro-synovial junction 
[24, 25]. These control tissues did not exhibit 
appreciable hybridization with any of the probes 
used in the present experiments. In view of an 
earlier eport hat the periosteum at the chondro- 
synovial junction is enriched in type II collagen 
and keratan sulfate [24], the lack of demonstrable 
type II procollagen mRNA in the current study 
suggests that the rate of;extracellular protein 
production is relatively low in this region. The 
regular and rapid appearance of chondro- 
osteophytes in the region of the chondro-synovial 
junction suggests that there is a population of 
pluripotential cells in the periosteum that is 
responsive to the mechanical nd humoral seque- 
lae of joint injury, a conclusion reached by other 
authors [6, 10, 17]. 
Growth of cartilage in osteoarthritic joints may 
seem paradoxical for a disease characterized by 
the destruction of articular cartilage during its 
later stages. Yet studies of the natural history 
of osteoarthritis, particularly osteoarthritis that 
develops after anterior cruciate ligament disrup- 
tion, show that articular cartilage hypertrophy 
characterizes the early stage [21, 22]. The cluster- 
ing of chondroid cells into nodules suggests that 
some of the growth of chondro-osteophytes can 
be attributed to hypertrophy (i.e., an increase in 
tissue mass) and hyperplasia (i.e., an increase 
in cell number) of chondroid cells, while the 
remaining rowth can be attributed to hyperplasia 
and hypertrophy ofoverlying superficial layer and 
underlying bone. It is unclear how or if articular 
cartilage hypertrophy and chondro-osteophyte 
growth might be related, however, unlike the 
articular cartilage, chondro-osteophyte formation 
involves chondrocyte n oplasia s well as cartilage 
hypertrophy 
In the current study, type IIA procotlagen 
mRNA was detected in a distinct population of 
cells in chondro-osteophytes that do not exhibit 
a chondroid morphology, but that are located at 
the periphery of the chondroid nodules. Based on 
previous studies [14, 15, 23], the 'perichondrial' 
localization of type IIA-expressing cells in chon- 
dro-osteophytes suggests that they are 'pre- 
chondrocytes', i.e., cells that will eventually 
differentiate and hypertrophy into type IIB- 
expressing chondrocytes and form nodules. Thus, 
the expression of type IIA mRNA by differentiating 
mesenchymal cells accounts for the cartilage 
neoplasia of chondro-osteophytes. A  fracture 
callus formation is characterized both by type IIA 
expressing chondrocytes as type I-expressing 
fibroblasts [16], whereas growth plate elongation is
characterized by neither [15], it appears that the 
Stimulus for chondro-osteophyte formation is less 
like that involved in the primary modeling seen in 
growth plate and more like that involved in 
secondary ~i'epair as seen in fracture callus. 
The observation that chondrocytes in some 
regions express both type I and type IIB mRNA 
confirms previous observations of chondro- 
osteophyte [17] and fracture callus [16] tissues. 
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A close examination of Fig. 4 reveals that 
chondrocytes clustered into hyaline nodules did 
not express appreciable amounts of type I mRNA, 
while chondrocytes embedded in a fibrocartilagi- 
nous matrix hybridized with the probe to type I 
mRNA. This finding suggests that fibrochondro- 
cytes have a mixed molecular phenotype for types 
I and IIB procollagen mRNA, which may explain 
the typical mixed collagen composition of fibro- 
cartilages [27]. 
The expression of mRNAs in the present study 
are consistent with other morphological [7], 
biochemical [2], and molecular [17] studies show- 
ing that chondro-osteophytes are tissues very 
active in the synthesis of extrace!~ular matrix 
modules. Indeed, compared with control tissues 
and art icular chondrocytes adjacent o growing 
osteophytes, there are very high levels of mRNA 
expression by the cells of chondro-osteophytes. The
relatively low expression of type IIB mRNA by 
art icular chondrocytes observed in the present 
studies has also been noted previously [17]. This 
suggests that there is a fundamental difference 
between articular chondrocytes and the chondro- 
cytes (whether associated with hyaline or fibro- 
cartilage) of chondro-osteophytes. Indeed, the most 
striking difference between articular carti lage 
and the cartilage in chondro-osteophytes is the 
predisposition of chondro-osteophyte carti lage to 
mineralize, which can also be viewed as the 
resistance of art icular carti lage to mineralize. This 
is all the more striking given that these different 
cartilages are separated by only micrometers or 
are even juxtaposed. 
Regardless of which factors stimulate carti- 
lage growth or control mineralization, chondro- 
osteophytes are an interesting model of new 
cartilage formation in adult joints. Further studies 
may elucidate the factors involved in modulating 
the phenotype and metabolism of chondrocytes, 
prechondrocytes, and fibroblasts that make up 
chondro-osteophytes. Eventual ly it may be poss- 
ible to harness a population of cells that, if suitably 
stimulated and regulated, might be useful for 
repairing art icular carti lage defects, treating 
growth plate fractures, or augmenting the healing 
of nonunited fractures. 
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